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A thermal transfer recording sheet comprises a substrate with an 
image-receiving layer formed on it, which is thermally transferable 
onto a record sheet. The image-receiving layer comprises a transparent 
receptive layer and a white opacifying layer laminated in this order on 
the substrate, and the opacifying layer contains a plasticiser. 

The plasticiser is a cpd. selected from phthalic acid esters, 
dibasic acid esters, fatty acid esters and epoxy cpds. The white 
opacifying layer comprises 1 pt. wt. of a white pigment (pref. titanium 
oxide), 0.5-5 pts. wt. of a binder resin (pref. vinyl-chloride-vinyl 
acetate copolymer resin or acrylic resin) and 0.05-2.5 pts. wt. of a 
plasticiser. 

USE/ADVANTAGE - An ordinary sheet of paper can be used as a record 
sheet. The sheet is capable of transferring a clear image simply and 
with excellent colour reproducibility on a wide range of various types 
of ordinary sheets of paper. Sharp edges are provided between the 
heated portion and the non-heated portion at the time of thermal 
transfer of the image-receiving layer. The image- receiving layer has 
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excellent adhesiveness with a wide variety of ordinary sheets of 
paperry 
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Abstract (Equivalent): EP 542308 B ... 

A thermal transfer recording sheet comprising a substrate (1) and 
an image-receiving layer (4) formed thereon, which comprises a 
transparent receptive layer (2) and a white opacifying layer (3) 
laminated in this order on the substrate (1), and said white opacifying 
layer (3) is thermally transferable onto a recording sheet together 
with the transparent receptive layer (2), characterised in that said 
opacifying layer (2) comprising relative to one part by weight of a 
white pigment from 0.1 to 20 parts by weight of a binder resin and from 
0.01 to 10 parts by weight of a plasticiser. 
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Abstract (Equivalent): US 5314862 A 

Thermal transfer recording sheet comprises a substrate having on it 
an image receiving layer which is thermally transferable onto a record 
sheet. The image receiving layer comprises a transparent receiving 
layer and a white opacifying layer laminated on the substrate. The 
opacifying layer comprises 1 pt. wt. white pigment, 0.1-20 pts. wt. 
binder resin and 0.01-10 pts. wt. plasticiser. 

pref . , the plasticiser comprises phthalic acid esters, diabasic 
acid esters, fatty acid esters or epoxy cpds. The opacifying layer 
contains Ti oxide as white pigment and a vinyl chloride vinyl acetate 
copolymer resin or an acrylic resin as binder resin. The image 
receiving layer has a prime coating layer contg. releasing agent 
between the substrate and transparent receiving layer. 

USE/ADVANTAGE - Used for simply transferring clear images with good 
colour reproducibility. The image receiving layer has good adhesiveness 
with ordinary sheets of paper. 
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SEMICONDUCTOR INTEGRATED CIRCUIT 

Pub. No.: 03-077324 [JP 3077324 A] 
Published: April 02, 1991 (19910402) 
Inventor: SHINOHARA HIROSHI 
KISHI YOSHIYUKI 

Applicant: MITSUBISHI ELECTRIC CORP [000601 ] (A Japanese Company or 

Corporation), JP Oapan) 

Application No.: 01 -21 3643 UP 8921 3643] 

Filed: August 1 9, 1 989 (1 989081 9) 

International Class: [ 5 ] H01 L-021 /3205 

JAPIO Class: 42.2 (ELECTRONICS — Solid State Components) 

Journal: Section: E, Section No. 1081, Vol. 15, No. 246, Pg. 51, June 24, 

1991 (19910624) 

ABSTRACT 

PURPOSE: To increase resistance to electromigration, to make wiring region 
small and to realize a high integration by a method wherein a 
semiconductor integrated circuit is provided with a plurality of metal 
wirings layers and a plurality of wiring lines and the metal wiring are piled 
up in parallel on the same wiring lines over a plurality of layers and 
connected to each other via through-holes. 

CONSTITUTION: Al metal wiring such as power-supply lines 7a, 8a, signal 
conductors 7b, 8b, grounding conductors 7c, 8c, and the like are piled up 
in parallel on the same wirings lines over two layers in a semiconductor 
integrated circuit substrate which is provided with a plurality of metal 
wiring layers and a plurality of wiring lines; they are connected to each 
other via through-holes 6. Widths of the Al wirings 7a, 7b, 7c, 8a, 8b, 8c 
are narrow as compared with those of conventional metal wirings. The 
widths of the metal wirings are not made wider but are composed of a 
plurality of layers. Thereby, an electric current is distributed and a current 
density is suppressed. Since the widths of the wirings are narrow, the area 
of the semiconductor integrated circuit becomes small, compared with that 
of conventional circuits. 
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SPECIFICATION 

1. Title of the Invention 

Semiconductor Integrated Circuit 

2. Claims 

(1) A semiconductor integrated circuit that has multiple metal wiring 
layers and multiple wiring paths characterized by being equipped with 
a multilayer metal wiring means whereby multiple layers are overlapped 
in parallel on the same wiring path and are mutually connected via 
through-holes , 

(2) In regard to a semiconductor integrated circuit equipped with 
cells that contain active devices and that occupy the cell regions on 
the semiconductor surface, equipped with pads that electrically connect 
to the exterior of the semiconductor integrated circuit, and equipped 
with outside-cell wiring regions that are outside the regions occupied 
by said cells or pads and that contain metal wirings for electrically 
connecting between the cells and between the cells and pads 

a semiconductor integrated circuit of Claim 1 characterized by: 
having wide-range wirings that extend from cell regions to outside-cell 
wiring regions; these wide-range wirings being wired by means of said 
multilayer metal wiring means in at least one portion inside the cell 
regions and being wired by means of only 1 metal layer in at least one 
portion inside the outside-cell wiring regions; and the widths of said 
multilayer metal wiring means portions being narrower than the widths 
of said 1 metal layer portions. 
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3. Detailed Explanation of the Invention 
[Field of Industrial Application] 

The present invention pertains to wiring layout patterns for 
semiconductor integrated circuits. 
[Prior Art] 

For the wiring of a semiconductor integrated circuit, the loss of 
electrical power is reduced by using metal that has a small resistance 
value, such as Al , an alloy of At , Si, and Cu, or W. Figure 7 is a partial 
plan view of a conventional semiconductor integrated circuit (inverter 
circuit) . In the figure, [1] is metal wiring, [la] is a power line, [lb] 
is a signal line, and [lc] is a grounding wire. [2] is a P + diffusion 
region, [3] is a n + diffusion region, [4] is polysilicon, [5] is a contact 
hole that connects the diffusion regions , [2] and [3], and the metal wiring , 
[la] , [lb] , and [lc] . 

Next, the operation will be explained. The metal, such as A? or an 
At alloy, utilized for the metal wiring [1] has a low melting point compared 
to the silicon compound that makes up a logic gate, and a phenomenon called 
electromigration, such as broken wiring or migration, occurs at high 

6 2 

temperatures F or at current densities lower than 10 A/cm . 

In conventional metal wiring [1], the metal wiring [1] was made 
capable of withstanding a large current density by providing a sufficient 
wiring width in order to increase the strength against migration. In 
particular, the wiring width of signal wires having a large load capacity, 
such as the internal clock wire of the signal wire [lb] , the power wire 
[la] , and the grounding wire [lc] , is made to be wide so that the current 
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density becomes 10 6 A/cm z or lower. 
[Problems that the Invention is to Solve] 

Since a conventional semiconductor integrated circuit's metal wiring 
is structured in the above manner, there is a problem in that the layout 
pattern (mask pattern) of the semiconductor circuit becomes large when 
the width is made sufficiently wide to withstand migration. 

The present invention was completed in order to solve the above 
problem, and its purpose is to increase the strength against 
electromigration, to reduce the wiring region, and to obtain high 
integration as a result. 
[Means for Solving the Problems] 

The semiconductor integrated circuit pertaining to the present 
invention has multiple metal wiring layers and multiple wiring lines, 
and the metal wirings are connected to each other via through-holes by 
being overlapped in parallel on the same wiring line through the multiple 
layers . 

[Operation of the Invention] 

The metal wirings of the present invention are mutually connected 
via through-holes by the multiple layers being overlapped in parallel 
on the same wiring line. Therefore, the electric current can be divided, 
and the wiring widths can be narrowed while increasing the strength against 
electromigration, as well. This makes it possible to make the width of 
the metal wiring narrow and, as a result, to increase the integration 
of the semiconductor integrated circuit. 
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[Working Examples ] 

In the following, one working example of the semiconductor integrated 
circuit pertaining to the present invention will be explained based on 
drawings. Figure 1 is a plan view of the inverter circuit of the 
semiconductor integrated circuit that is one working example of the present 
invention, and Fig. 2 is a perspective drawing that is Fig. 1 viewed from 
[II] -[II] near the grounding wires. In addition, since [2]~[5] in the 
drawings are the same as those of said conventional one, their explanations 
will be omitted. 

In the drawings, [7a] is a first-layer power wire formed with At 
metal wiring, [8a] is a second-layer power wire, [7b] is a first-layer 
signal wire, [8b] is a second-layer signal wire, [7c] is a first-layer 
grounding wire, [8c] is a second-layer grounding wire, and [6] is a 
through-hole. Moreover, an example in which the metal wiring is made from 
A? is indicated in Figs. 1 and 2, but metal wiring for which an alloy 
of At and Si, of At and Si and Cu, or of At and Cu is utilized may be 
utilized instead of At . 

Unlike the above-mentioned conventional article, the At metal wirings, 
such as the power wires, [7a] and [8a], signal wires, [7b] and [8b], 
grounding wires, [7c] and [8c], etc., are mutually connected via 
through-holes [6] by being overlapped in parallel on the same wiring line 
through two layers inside a semiconductor integrated circuit substrate 
that has multiple metal wiring layers and multiple wiring lines. Moreover, 
the widths of the A* metal wirings, [7a], [7b], [7c], [8a], [8b], and 
[8c], are narrower than those of the conventional metal wirings, [la], 
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[lb], and [lc]. Moreover, 1 through-hole [6] is utilized for Figs. 1 and 
2, but it is permissible to use 2 or more instead. When the branching 
of the Ai metal wiring paths is taken into consideration, it is effective 
to provide the through-holes [6] at intervals, [t], that are the widths 
of the metal wirings. One such example is shown in Fig. 3. 

Next, the operation of the semiconductor integrated circuit will 
be explained. In the conventional wiring method, the metal wiring widths 
are made to be wide in order to keep the current density at 10 6 A/cm z or 
below. For this reason, the ratio of the area occupied by the metal wiring 
widths becomes high in the semiconductor integrated circuit, and the total 
area of the semiconductor integrated circuit becomes large as a result. 

In the present working example, instead of widening the metal wirings, 
the current is divided by using multiple layers and therefore, the current 
density can be kept low. 

Figures 1 and 2 show an example in which two layers of metal wirings, 
which are [7a] -[8a], [7b] -[8b], and [ 7c ] - [ 8c ] , are utilized, but 3 layers 
or more may be utilized instead. Moreover, because of the narrow wiring 
widths, the area of the semiconductor integrated circuit is smaller than 
that of a conventional one. Although a case in which multiple layers of 
metal wirings are overlapped was explained in the above working example, 
the same effects as those of the above working example are exhibited when 
the invention is applied to signal wires having large load capacities, 
such as power wires, grounding wires, clock wires, etc. 

Next, another working example will be explained. There is a so-called 
cell-based design method in which a semiconductor integrated circuit is 
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built from the basic functional modules (cells) in a hierarchical manner 
when designing the semiconductor integrated circuit. Depending on the 
semiconductor integrated circuit designer, 1 transistor, 1 inverter 
circuit, etc., is considered one basic unit of a cell. A plan view of 
a semiconductor integrated circuit designed by the cell-based design 
method is shown in Fig. 4. This semiconductor integrated circuit is 
equipped with cells [9] which are functional modules containing active 
devices such as transistors, pads [10] that electrically connect with 
the exterior of the semiconductor integrated circuit, and outside-cell 
wiring regions [11] that contain metal wirings that electrically connect 
between the cells and between the cells and pads. As shown in the drawing, 
the shapes of the cells are often triangular in general, but they may 
be polygons (hexagons and octagons in the drawing) instead. For the design, 
cells [9] that are required for the semiconductor integrated circuit are 
positioned. 

Any number of cells can be positioned depending on what is necessary. 
Figure 4 shows an example in which 7 cells [9] are positioned, but the 
functions of the cells may be either the same or different. After 
positioning the cells [9], metal wirings (wide-range wirings) (14) that 
electrically connect cells [9] to cells [9] and cells [9] to pads [10] 
are provided to the outside-cell wiring regions [11] . Wide-range wirings 
[14] crossover the inside-cell wiring regions [12] and outside-cell wiring 
regions [11], but at least a portion of the outside-cell wiring regions 
[11] is wired by means of only 1 metal layer. This is because the wirings 
[14] in the outside-cell wiring regions [11] are provided by using an 
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automatic wiring program, and at this time, the multiple layers of metal 
wirings are distinguished from each other by wiring the second-layer metal 
wirings in the direction perpendicular to that of the first-layer metal 
wirings . 

In the past, wide-range wirings [14] that cross over the inside and 
outside of the cells had the same widths inside and outside of the cells. 
By using cells in which the metal wiring means of Figs. 1-3 are applied, 
the areas of the cells are reduced. As a result, the area of the 
semiconductor integrated circuit becomes smaller than that of a 
conventional case in which metal wirings are utilized. In particular, 
the wide-range wirings, which are 1 metal layers near the boundary of 
the inside-cell wiring region [12] and outside-cell wiring region [11] 
in this working example, are shown in Fig. 5. In Fig. 5, the metal wirings, 
[7] and [8] , inside the cells are overlapped in parallel on the same wiring 
path through multiple layers and are mutually connected by means of 
through-holes [6] . The wide-range wiring in the outside-cell wiring region 
[11] has the conventional wiring width, but the wiring width inside the 
cell is narrow. Inside the area of the cell that is near the boundary 
between the inside and outside of the cell, a shape that is for shifting 
from the outside-cell wiring width (conventional wiring width) to the 
inside-cell multilayer metal wiring width is formed. Some other working 
examples are shown in Fig. 6. Figure 6 also shows examples in which 1 
or 2 through-holes [6] are used, but any number of them may be provided. 
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[Effects of the Invention] 

In the above manner, according to the present invention, it becomes 
possible to narrow the metal wiring widths of a semiconductor integrated 
circuit, and the area of the semiconductor integrated circuit becomes 
small. Also, even in a case in which a multilayer metal wiring means is 
utilized inside the cells, the areas of those cells become small, and 
as a result, many cells can be packaged in a semiconductor integrated 
circuit. Therefore, this leads to high integration of the circuit. Moreover, 
since the metal wirings are overlapped in parallel on the same wiring 
path through multiple layers and are connected via through-holes, the 
wirings become resistant against electromigration . 
4. Brief Description of the Drawings 

Figure 1 is a plane view of an inverter circuit that is one working 
example of the semiconductor integrated circuit pertaining to the present 
invention. Figure 2 is a perspective drawing obtained by viewing from 
the [II] -[II] line of Fig. 1. Figure 3 is a plane view that shows an example 
of the intervals between the through-holes of the multilayer metal wirings 
pertaining to the present invention, and the through-holes [6] are provided 
at intervals that are the same as the metal wiring widths. Figure 4 is 
a plane view of the semiconductor integrated circuit that is another 
working example of the present invention designed using a cell-based design 
method. Figure 5 is a magnified explanatory drawing showing metal wiring 
near the boundary between the inside and outside of the cell pertaining 
to the present invention. Figure 6 (a) -(h) are partial plan views showxng 
other working examples of the metal wiring near the boundaries between 
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the inside and outside of the cells. Figure 7 is a plane view showing 
a conventional semiconductor integrated circuit. 

In the drawings, [6] is a through-hole, [7] is the first-layer metal 
wiring of a case in which 2 layers of metal wirings are overlapped, [8] 
is a second-layer metal wiring, and [9] is a cell. 

In addition, the same reference numerals inside the drawings indicate 
the same or equivalent parts. 
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Key: 2) p + diffusion region; 3) n + diffusion region; 
4) polysilicon; 5) contact hole; 7a) first-layer 
power wire; 8a) second-layer power wire; 7b) 
first-layer signal wire; 8b) second-layer signal 
wire; 7c) first-layer grounding wire; 8c) 
second-layer grounding wire. 



Figure 2 




Key: 6) through-hole; 7) first-layer metal 
wiring (grounding wire) ; 8) second- layer metal 
wiring (grounding wire) . 
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Figure 3 




Key: 6) through-hole; 7) first-layer metal 
wiring; 8) second-layer metal wiring. 



Figure 4 




Key: 9) cell; 10) pad; 12) circuit 
substrate; 14) wide-range wiring. 
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Figure 5 



n 




Key: 6) through-hole; 7) first-layer metal 
wiring; 8) second-layer metal wiring; 11) 
outside-cell wiring region; 12) inside-cell 
wiring region; 13) boundary between the inside 
and outside the cell; 14) wide-range wiring. 
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